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(54) Process for sorting polymers 

(57) Mixtures of plastics waste are contacted suc- 
cessively with toluene, xylene, ethylbenzene or a mix- 
ture thereof at room temperature, with tetrahydrofurane 
at room temperature, then with xylene, first optionally at 
about 75''C and/or 105*»C and finally at from 118*C to 
boiling temperature; solutions of respectively polysty- 
rene, polyvinyl chloride, low density polyethylene/high 
density polyethylene/ polypropylene are recovered, 
while polyethylene terephthalate remains undissolved. 
The individual polymers can be recovered from their 
respective solutions. 

The process is particularly suitable for the analysis 
of commingled plastics viastes. 
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Description 

The present invention relates to a process for sort- 
ing polymer mixtures, particularly polymer mixtures 
from household waste; it also relates to the use of said s 
process In the recycling of polymers. 

Polymers are produced in ever increasing amounts. 
The greatest part thereof is thermoplastic; generically 
called plastics, they are mostly used as one-way pack- 
aging material (but also as agricultural film and for vari- w 
ous uses in the automotive, electric and electronic 
sectors) and end up as plastics waste. 

Discarding plastics waste is now questioned from 
an ecological point of view, as (i) landfill sites are 
becoming scarce and (ii) the energy content of plastics 75 
is lost if they are buried. 

Incineration is frequently used for household waste; 
it is indeed an appropriate means for disposing of poly- 
olefins, whose combustion under controlled conditions 
yields water, carbon dioxide and as much heat as fuel. 20 
but less appropriate for many other polymers which tend 
to char and which have a lower heating value. 

Individual plastics have long been reclaimed. Plas- 
tics waste is however typically composed of a mixture of 
several of the following plastics labelled as commodity 2s 
plastics : 

polyvinyl chloride (PVC), 
polystyrene (PS). 

low density polyethylene (LDPE). 30 
high density polyethylene (HOPE), 
polypropylene (PP). and 
polyethylene terephthalate (PET). 

LDPE. HDPE and PP are polyolefins (PO) and are 3S 
referred to as "polyolef in" individually and collectively 

Manual and mechanical sorting of plastics wastes 
issued from selective collection schemes have been 
used at small scale in certain semi-commercial recy- 
cling schemes; they are however highly unreliable when 40 
made by the consumers themselves and very costly 
when made by specially trained personnel. They still 
have to be improved in order to Increase the specific 
polymer content. There Is thus a need In the art for an 
improved process for sorting mixtures of waste plastics 45 
into its component polymers. There is thus also a need 
to measure or to quantify the quality of the sorting proc- 
esses of commingled plastics coming from plastics 
wastes. 

There Is further a need for a method for analysing so 
plastics waste to determine the amount of each type of 
component material (or family of materials). Indeed, 
such information finds many uses, such as e.g. evaluat- 
ing the theoretical calorific value associated to the poly- 
meric fraction in refuse for incineration or. as mentioned 55 
above, controlling the efficiency of sorting methods, 
whether manual or mechanical. 

Plastics waste, as used herein, designates any mix- 
ture at least mostly composed of plastics and which 



may in addition contain substantial amounts of non-pol- 
ymeric wastes such as paper or metal. 

It has already been proposed in \/VO-A-9103515 to 
separate each polymer from a physically commingled 
mixture of plastics waste by selective dissolution. How- 
ever, that method requires a very careful and accurate 
temperature control and operation under high pressure. 

It has already been proposed in EP-A-530169 to 
combine a one-step separation into three fractions with 
a conversion step wherein one or more fractions are 
transformed back into light molecular weight products 
which can be recycled as feedstock. However, that 
method also requires high-temperature operation. 

It is an object of the present Invention to provide a 
process for sorting plastics waste into fractions, each 
containing essentially one polymer or polymer family 

Another object of the invention is to provide a proc- 
ess which can be operated at atmospheric pressure. 

A further object of the invention is to provide a lab- 
oratory method for determining the amount of each 
plastics materia! present in a mixture independently 
from the size of the pieces. 

The process of the invention for sorting polymers 
from plastics waste comprises the following steps : 

(I) providing a mixture at least mostly composed of 
plastics. 

(ii) contacting the plastics waste with a first solvent 
selected from toluene, xylene, ethylbenzene and 
mixtures thereof to form a polystyrene solution in 
said first solvent and a first remaining solid compo- 
nent, 

(ili) separating the polystyrene solution in said first 
solvent from the first remaining solid component. 

(iv) separating the polystyrene from the first sol- 
vent. 

(v) contacting the first remaining solid component 
with tetrahydrofurane to form a polyvinyl chloride 
solution in tetrahydrofurane and a second remain- 
ing solid component. 

(vi) separating the polyvinyl chloride solution in tet- 
rahydrofurane from the second remaining solid 
component, 

(vii) separating the polyvinyl chloride solution from 
the tetrahydrofurane. 

(viii) contacting the second remaining solid compo- 
nent with xylene to form at least one polyolefin solu- 
tion In xylene and a third remaining solid 
component substantially containing no polyolefin, 

(ix) separating the at least one polyolefin solution in 
xylene from the third remaining solid component, 

(x) separating the polyolefins from the xylene, and 

(xi) recovering a third remaining solid component 
which essentially comprises polyethylene tereph- 
thalate as polymeric material. 

The present description of the process of the Inven- 
tion is made with the assumption that the initial compo- 
sition comprises material from each of the separated 
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categories. It is obvious for one skilled in the art that the 
process applies mutadis mutandis when one category 
is not represented in the initial composition. 

The starting material Is commingled plastics waste, 
as hereabove defined, although it is preferred to use 5 
commingled household plastics waste. It is first con- 
tacted with toluene, xylene, ethylbenzene or a mixture 
thereof (preferably toluene, ethylbenzene or a mixture 
thereof) under conditions appropriate to dissolve sub- 
stantially all PS present in the starting material while to 
leaving substantially all PVC. LORE, HOPE. PP and 
PET undissolved; typical conditions include atmos- 
pheric or near-atmospheric pressure and a temperature 
of 10 to 50°C. preferably of about 20*'C. The solution is 
then separated from the first remaining solid compo- is 
nent. and the PS is recovered from the solution by 
appropriate means which are known in the art and thus 
need not be described here. 

The first remaining solid conrponent is then con- 
tacted with tetrahydrofurane (THF) under conditions 20 
appropriate to dissolve in the THF substantially all PVC 
present in the first renniaining material while leaving sub- 
stantially all LDPE. HDPE. PP and PET undissolved: 
typical conditions include atmospheric or near-atmos- 
pheric pressure and a temperature of 10 to SO^'C. pref- ss 
erably of about 20°C. The solution is then separated 
from the (second) remaining solid component, and the 
PVC is recovered from the solution by appropriate 
means which are known in the art and thus need not be 
described here. 30 

The second remaining solid component is then con- 
tacted with xylene (any isomer or mixture thereoO under 
conditions appropriate to dissolve in the xylene sub- 
stantially all polyolefins present in the second remaining 
solid component while leaving substantially all PET 35 
undissolved. Several options are available for this step : 

(1) substantially alt polyolefins are dissolved 
together; typical conditions include atmospheric or 
near-atmospheric pressure, a temperature of from 40 
1 18°C to the boiling temperature; 

(2) substantially all LDPE is dissolved at about 
75*C to form one solution, substantially all HDPE is 
dissolved at about lOS'^C to form a second solution 
and substantially all PP at a temperature of at least 45 
BbouX ^^S°Q to form a third solution, each time 
operating under atmospheric or near-atmospheric 
pressure and separating the solution from the then 
remaining solid component; 

(3) combining the preceding options, such as e.g. so 
by dissolving LDPE and HDPE together at about 
105*»C. 

Whenever large amounts of HDPE are to be dis- 
solved, it is preferred to use a two-step operation. 55 
whereby part of the HDPE is dissolved to form a first 
solution before the remaining solids are separated and 
contacted with fresh solvent to dissolve the remainder of 
the HDPE. 



Each solution is then separated from the remaining 
solid component, and the polyolefins are recovered indi- 
vidually or collectively, as the case may be, from their 
solutions by appropriate means which are known in the 
art and thus need not be described here. 

The third solid component ultimately remaining 
usually contains essentially PET as polymeric material; 
other polymeric materials are polyesters. Non-poly- 
meric materials if any also remain in the third solid com- 
ponent at the end of the process of the invention; they 
comprise mineral contaminants, such as metals, and 
paper (at most 2 wt % of the initial amount of paper is 
extracted by the process of the invention). 

The process of the invention can be adapted as a 
method for determining the amount of each type of 
material (or family of materials). It has the advantage 
that finely ground samples can be analysed, thus 
increasing homogeneity of the samples and thus relia- 
bility of the results. 

The invention will now be described by the following 
examples. 

Example 1 

A synthetic sample was prepared by thoroughly 
mixing 25 g of each of PS. PVC. LDPE. HDPE. PP and 
PET. finely ground to a size of about 1 mm. 

An aliquot of exactly about 20 g of the mixture was 
mixed during 4 hours with 500 ml toluene at room tem- 
perature while stirring. The PS solution was recovered 
by filtration; the remaining solids were washed with 
fresh toluene, dried and weighted. 

The remaining solids were mixed during 4 hours 
with 500 ml THF at room temperature while stirring. The 
PVC solution was recovered by filtration; the remaining 
solids were washed with fresh THF. dried and weighted. 

The then remaining solids were mixed during one 
hour with 1500 ml xylene at 135**C while stirring. The 
polyolefins solution was recovered by filtration: the 
remaining solids were washed with warm xylene, dried 
and weighted. 

Recovery of each polymer or polymer family was 
estimated from the weightings : 

PS 100.4% wt 
PVC 99.3 %wt 
P0 99.1 %wt 
PET 100.2 %wt. 

Example 2 

The procedure of example 1 was repeated with a 
sample of household plastics waste having the following 
composition : 
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polymer 


composition 


yield (% wt of initial 
amount) 


PS 


15%wt 


99.7 


PVC 


3%wt 


102 


PO 


80%wt 


99.8 


PET 


2%wt 


100 



2. Process according to daim 1 . wherein steps (ii) and 
(v) are carried out a temperature of 10 to 50*C. 

3. Process according to daim 1 . wherein step (iii) is 
carried out at a temperature of from 118°C to the 
boiling temperature, to dissolve substantially all 
polyolefins. 

4. Process according to claim 1. wherein step (viii) 
Itself comprises the steps of: 



Each polymer or polymer family was recovered 
from Its solution by methanol precipitation (through 
addition of 200 ml methanol at room temperature) and 
filtration, except PET which was recovered by filtration 
only. The yields were as indicated above. 

Claims 

1 . Process for sorting polymers from plastics waste, 
comprising the steps of: 

(i) providing a mixture at least mostly com- 
posed of plastics, 

(ii) contacting the plastics waste with a first sol- 
vent selected from toluene, xylene, ethylben- 
zene and mixtures thereof to form a 
polystyrene solution in said first solvent and a 
first remaining solid component, 

(iii) separating the polystyrene solution in said 
first solvent from the first remaining solid com- 
ponent, 

(iv) separating the polystyrene from the first 
solvent. 

(v) contacting the first remaining solid compo- 
nent with tetrahydrofurane to form a polyvinyl 
chloride solution in tetrahydrofurane and a sec- 
ond remaining solid component, 

(vi) separating the polyvinyl chloride solution in 
tetrahydrofurane from the second remaining 
solid component, 

(vii) separating the polyvinyl chloride solution 
from the tetrahydrofurane. 

(viii) contacting the second remaining solid 
component with xylene to form at least one 
polyolef in solution in xylene and a third remain- 
ing solid component substantially containing no 
polyolefin, 

(ix) separating the at least one pofyolefin solu- 
tion in xylene from the third remaining solid 
component. 

(x) separating the polyolefins from the xylene, 
and 

(xi) recovering a third remaining solid compo- 
nent which essentially comprises polyethylene 
terephthalate as polymeric material. 



(a) contacting said second remaining solid 
component with xylene at a temperature of 
about 75°C to dissolve substantially all LDPE, 

IS (b) separating the LDPE solution in xylene from 

a first remaining solid fraction, 
(c) contacting said first remaining solid fraction 
with xylene at a temperature of about 105*C to 
substantially dissolve all HOPE. 

20 (d) separating the HOPE solution in xylene 

from a second remaining solid fraction, 

(e) contacting said second remaining solid frac- 
tion with xylene at a temperature of from 1 1S'^C 
to the boiling temperature to dissolve subtan- 

25 tially ali PP. and 

(f) separating the PP solution in xylene from the 
third remaining solid component. 

5. Process according to daim 1. wherein step (viii) 
30 itself comprises the steps of: 

either (a) contacting said second remaining 
solid component with xylene at a temperature 
of about 75**C to dissolve substantially all 
35 LDPE. 

or (b) contacting said second remaining solid 
component with xylene at a temperature of 
about 105'C to dissolve substantially all LDPE 
and HDPE. 

40 then (c) separating the LDPE or HDPE solution 

in xylene from the remaining solid fraction, 
and (d) contacting said remaining solid fraction 
with xylene at a temperature of from 1 18*C to 
the boiling tenperature to dissolve substan- 

45 tially ali polyolefins from said remaining solid 

fraction. 

6. Process according to any one of claims 1 to 5. 
wherein each sorted polymer is recovered from its 

50 solution by removal of the solvent. 

7. Process according to any one of claims 1 to 5, 
wherein each sorted polymer is recovered from its 
solution by methanol addition and separation of the 

55 solid polymer thus formed. 

8. Use of the process according to any one of claims 
1 to 7 as an analytical method. 
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